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X-ray jets - recently discovered[!] collimated 
flows of hot (a few 106 K) plasma and Ha surges 
- cool (104 K) jets are manifestations of the 
dynamic.nature of the solar atmosphere. What 
is the acceleration mechanism of these jets and 
what is the connection between them and with . 
microflares? It has been suggested that mag-
netic reconnection may be involved,. But as for 
Ha surges, there has always been a concern that 
the heating associated with reconnection would 
raise the temperature of the material well above 
the temperatures observed in Ha. We, how-
ever, found by magnetohydrodynamic numeri-
cal simulations that part of the ejected material 
remains cool and that these two jets may be si-
multaneously ejected from microflares. These 
results increase the importance of magnetic re-
connection for the dynamical phenomena on the 
Sun and also give a hint to understand the coro-
nal heating mechanism. 
Many of X-ray jets are known to be ejected 
from emerging flux regions. These observations 
suggest that the magnetic energy of the emerg-
ing flux is converted to the bulk kinetic and in-
ternal energy of the jets. How can this conver-
sion take place? Shibata et al. [2]'s model is 
as follows: Two separate magnetic field lines of 
emerging flux and of pre-existing coronal field 
com~ close together due to the rising motion of 
the emerging flux . . By the effect of finite resistiv-
ity, they are cut and are reconnected with each 
other. The reconnection disconnects some of the 
highly stressed field lines in the emerging flux re-
gion and causes these field lines to fly outwards 
at one end as they try to straighten out. This 
whip-like motion accelerates the plasma which 
lies on these field lines like a sling-shot. At the 
same time, by the Joule dissipation, magnetic 
energy is partly released as a heat to increase 
the plasma temperature to the X-ray one. As a 
result, hot plasma is ejected from the reconnect-
260 
ing region~ which may be observed as the X-ray 
jets. 
Figures 1 show the results of the numerical sim-
ulations of this model[3]. The simulations are 
performed by solving the two-dimensional resis-
tive magnetohydrodynamic equations with uni-
form gravitational field. It is important that our 
simulation reveals not only the hot jet ejection 
but also the whip-like motion of cool plasma. 
The cool plasma in this motion is originally from 
the chromosphere, which is carried up with the 
expanding loops, is ejected by the sling-shot ef-
fect (i.e., acceleration by the tension force of dis-
connected field lines) due to the reconnection, 
and finally shows the whip-like motion. Veloc-
ity of this whip-like motion is a few tens km/sec. 
This whip-like motion of the cool plasma may be 
observed as a cool jet, namely an Ha surge. 
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Fig. 1. Temperature (gray scale), magnetic field 
(lines), and velocity (arrows) distribution. Mag-
netic loops are the result of the magnetic buoy-
ancy instability. Hot plasma due to reconnection 
become a hot jet (left-hand-side of the loops) 
and hot loops (right-hand-side). Cool plasma 
ejection is seen at just left side of the hot jet. 
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